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FOREWORD 

This  document is t h e  f i n a l  r e p o r t  of work performed on Thermal Cont ro l  

by t h e  WDL Div i s ion  of t h e  P h i l c o  Corporation d u r i n g  t h e  Comet and Close- 

Approach As te ro id  Mission Study f o r  t h e  J e t  Propuls ion  Laboratory under 

Cont rac t  JPL 950870. The r e p o r t  covers work performed dur ing  t h e  per iod  

2 J u l y  1964 t o  2 January 1965. 
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SUMMARY 

The basic approach t o  t h e  Comet Probe thermal  des ign  i s  t o  minimize 

t h e  e f f e c t  of t h e  e x t e r n a l  environment and t o  achieve  equipment temperature  

c o n t r o l  by j u d i c i o u s l y  u s i n g  thennal  c o n t r o l  s u r f a c e s  i n  conjunct ion  wi th  

i n t e r n a l  hea t  genera t ion .  The e f f e c t  of t h e  l a r g e  v a r i a t i o n  i n  s o l a r  h e a t  

load is reduced by o r i e n t i n g  t h e  s p a c e c r a f t  t o  t h e  sun and u t i l i z i n g  a hea t  

s h i e l d  on t h e  s i d e  t h a t  always "sees" t h e  sun. The d e s i r e d  h e a t  s h i e l d  

performance i s  obta ined  w i t h  m u l t i p l e - f o i l  i n s u l a t i o n  i f  h e a t  l e a k s  through 

suppor ts  and edge8 a r e  minimized. 

duced by u t i l i z i n g  e i t h e r  m u l t i p l e - f o i l  i n s u l a t i o n  and/or  c o a t i n g s  wi th  low 

i n f r a r e d  emi t tance  on o t h e r  t h a n  temperature  c o n t r o l l e d  e u r f a c e r .  T h i s  

prevents  sub-cool ing of  t h e  equipment compartment and a l s o  d i r e c t s  t h e  h e a t  

flow t o  s u r f a c e  is t h a t  can b e  c o n t r o l l e d  e i t h e r  by p a s s i v e  o r  a c t i v e  

t echniques.  

The e f f e c t  of c o l d  b lack  space i s  re- 

0 The p a s s i v e  technique of temperature  c o n t r o l ,  u t i l i z i n g  s u r f a c e  

o p t i c a l  p r o p e r t i e s  i o  t h e  p r e f e r r e d  method due t o  i t s  inherent  r e l f a b i l i t y  

and minimum weight p e n a l t y ,  and i r  ueed as much ar p o r a i b l e .  However, hea t  

d i s s i p a t i o n s  vary  i n  magnitude and l o c a t i o n  due t o  the t u r n i n g  on and o f f  

of components and a s i n g l e  c o a t i n g  may no t  be capable  of main ta in ing  t h e  d c r t r c d  

temperature .  This is a p a r t i c u l a r  problem w i t h  t h e  b a t t e r y  where f i n e  tempera- 

t u r e  c o n t r o l  is r e q u i r e d  and l a r g e  hea t  loadr  a r e  generated f o r  s h o r t  per iod8 

of t i m e .  Therefore ,  a n  a c t i v e  temperature  c o n t r o l  device  m a t  be used. 

However, t h e  number of a c t i v e  u n i t r  can be  minimized by c a r e f u l  l o c a t i o n  of 

components and by main ta in ing  t h e i r  composite h e a t  d i a r i p & t i o n  f a i r l y  conatan t .  

I n  a r e a s  where s u r f a c e 8  "see" the  sun ,  t h e  d e r i g n  a t tempt8  t o  use  

c o a t i n g s  whose o p t i c a l  p r o p e r t i e s  of s o l a r  absorptanac and 

a r e  equal .  This  i s  intended t o  e l i m i n a t e  t h e  problems i n  present-day r o l a r  

s i m u l a t i o n  techniques i n  t h e i r  a b i l i t y  t o  match t h e  s o l a r  epectrum,energy 

and columnation. Thie  allowe t h e  s p a c e c r a f t  t o  be  thoroughly a s s e s s e d  by 

i n f r a r e d  emittance 

b 

i f i  
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ground t e s t i n g  wi th  confidence i n  r e s u l t s .  

m a t e r i a l  s tudy  w a s  d i r e c t e d  toward ob ta in ing  'coatings t h a t  

have p r o p e r t i e s  over  t h e  complete spectrum of abaorp tance  and e m i t -  

tance and a l s o  o t h e r s  t h a t  a r e  f l a t  r e f l e c t o r s  o r  abso rbe r s  a c r o s s  

The coa t ings  and 

a 
t h e  complete wave l eng th  band. 

requirements  have been ob ta ined  that w i l l  main ta in  t h e i r  p r o p e r t i e s  when 

sub jec t ed  t o  t h e  Comet: Probe launch and f l i g h t  environment. 

A number of c o a t i n g s  based upon f i v e  a r / r  

During t h e  s tudy ,  pa rame t r i c  curves have been genera ted  which, given 

t h e  s u r f a c e  p r o p e r t i e s  f o r  a sphe re ,  cube and c y l i n d e r , d e t e m i n e  the  temprra- 

t u r e  range from 1 t o  2 A.U. as a func t ion  of  i n t e r n a l  hea t  d i r r i p a t i o n  and 

dimensions.  

magnetrometer and i o n i z a t i o n  chamber. I n  a d d i t i o n ,  p re l imina ry  c a l c u l a t i o n r  

have been conducted t o  determine t h e  s u r f a c e  c h a r a c t e r i r t i c a  and de r ign  of 

t h e  i s o t o p i c  power supply,  DC-DC conver te r ,  hea t  s h i e l d ,  high-gain antenna 

and @can platform.  

These curveawere used t o  p r e d i c t  t h e  tempera ture  range f o r  t h e  

The e f f e c t  of r p a c e c r a f t  mirelignment t o  t h e  run  due t o  midcourre cor-  

r e c t i o n s  has been i n v e r t i g a t e d  and found t o  be no problem wi th  regard  t o  

t h e  i n t e r n a l  equipment. However, tearpereturer of low e m i t t i n g  8u r face r  mry 
exceed t h e i r  l i m i t s  depending upon the  s o l a r  d i r t a n c c  when t h e  maneuverr 

occur .  Thio problem r e q u i r c r  f u r t h e r  i n v e s t i g a t i o n .  

0 

Although a major p o r t i o n  of t h e  Mariner-C thermal  d e r i g n  and technology 

is d i r e c t l y  a p p l i c a b l e  t o  Comet Probe d e r i g n r ,  p a r t i c u l a r l y  i n  t h e  a c t i v e  

temperature c o n t r o l  areas, t h r e e  a r e a r  r e q u i r e  f u r t h e r  rtudy: (1) r tudy  of 

methods of mounting m u l t i p l e - f o i l  i n s u l a t i o n  wi th  minimum thermal r h o r t i n g  

t h a t  w i l l  wi ths tand  t h e  a c c e l e r a t i o n  and v i b r a t i o n  environment impored du r ing  

boos t ,  (2) t e s t i n g  of c e r t a i n  coa t ings  f o r  t h e  t o t a l  amount of equ iva len t  

sun hours  t h a t  occur  i n  Comet Probe mirs ione ,  (3) e v a l u a t i o n  of p o r s i b l e  

methods of o b t a i n i n g  s t r u c t u r a l  j o i n t r  t h a t  change thermal  c h a r a c t e r i a t i c r  

a f t e r  launch. 
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SECTION 1 

OBJECTIVES AND REQUIRpntmS 

1.1 DESIGN RBQUIIIBUIIKTS 

The o b j e c t i v e  of the  thermal c o n t r o l  8Ub8yrteQ ir  t o  amin ta in  t h e  

s p a c e c r a f t ,  i t s  componentr, and t h e  r c i e n t i f i c  ins t rumant r  w i t h i n  t h e i r  

o p e r a t i n g  l i m i t 8  du r ing  a11 phrrer of t h e  mi r r ion .  

impored on t h e  subrystem a r e  t h e  following: 

The major requirmuentr  

1. E i . i n t r i n  t h r  temperature  l imi t8  for c r i t i c a l  and l r r r  c r i t i c 8 1  

componrntr, a8 given i n  Table 1-1, 

2 .  O p r r a t r  f o r  a t  l e r r t  one y u r  ov r r  h r l i o c r n t r l a  d i r t a n c r r  from 
1.0 t o  2.0 A.U. 

3 .  Funct ion proper ly  o v r r  a wide r r n a r  of h u t  B W ~ C I  l o c a t i o n  and 

r l r c t r i c a l  duty C y C h p  a8 rhown i n  P igu r r  1-le 

4. Bo capab l r  of b r i n g  ground t r r t r d  with a h i &  l r v r l  of c o n f i -  

d rnc r  i n  t o r t  r r ru l t r .  

5 .  Oprratr with high r r l i r b i l i t y  with 8 minimtm wolght p r r l t y ,  

Thr fo l lowing  r r c t i o n r  rnrlyrr tho  tompr ra tu r r  c o n t r o l  r u b r y r t m  

t r a d r o f f r  f o r  two r p r c r c r r f t  powrr c o n f i ~ r r t i o n r ,  dircurr t h r  i n v r r t i g a -  

t ion8 of problem a r o a r ,  and o u t l i n o  u n r r r o l v r d  problrrPr e 

PH I LCO! ... I . A w y : .h. -*  ."C 

1-1 
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SECTION 2 

T H E W L  CONlTtOL SUBSYSTEN 

2.1 THERHAL SHIELD 

Since  t h e  d i s t a n c e  between t h e  s p a c e c r a f t  and sun changes f o r  t h e  ' 
miss ions  under i n v e s t i g a t i o n ,  t h e  v a r i a t i o n  of s o l a r  h e a t i n g ,  as  i n d i c a t e d  

i n  F igure  2 - 2 ,  imposes the  most severe  c o n d i t i o n  on t h e  tempera ture  c o n t r o l  

subsyotern. Th i s  c o n d i t i o n  i r  minimized by o r i e n t i n g  a s p a c e c r a f t  z axir a t  
t h e  sun and by app ly ing  a hea t  s h i e l d  on t h e  r i d 8  t h a t  " rear"  t h e  run. 

Ins t rument r  and c m p o n a n t r  that r e q u i r e  a c l o r r r y  c o n t r o l l e d  environment aro 
l oca t ed  i n  a compartment p r o t r c t e d  by t h e  s h i e l d .  

Two s p a c e c r a f t  c o n f i g u r a t i o n 8  have rvolvod from rhroud c o n r t r a i n t r  and 

t h e  choicer  of power r u b r y r t m r ,  1.e.)  Bohr p n o l r  and r a d i o i r o t o p r r .  Thr 
thermal  c o n t r o l  r u b r y r t a n  f o r  each 10 i l l u r t r r t r d  i n  F igu re r  2-3 and 2-4. 
Therr i r  b a r i c a l l y  l i t t l e  d i t f r r a n c e  between c o n f i g u r a t i o n r  wi th  r r g a r d  t o  

thermal  c o n t r o l  d a r l g n .  It can br notrd i n  both d r r i g n r  t h a t  r u r f a c r r  t h a t  

"888" t h 8  sun have,  i n  mort C. l8 l ,  Coating8 Wh8r8 t h e  r o h r  ab ro rp tanc r  

equa l  t o  t h e  ami t tanco .  Thir i r  a major conrtraint  imporrd on t h r  t h r m l  

d e r i g n  t o  i n s u r e  a d r r i g n  t h a t  a n  bo thoroughly arrrarrd by ground tart,. 
T h i r  l a  d i r r c t r d  a t  r l l d n a t i n g  t h r  problanr  a r r o c i a t e d  w i t h  preren t -day  

s o l a r  s i m u l a t i o n  c a p a b i l i t i e r  ar  c a p a r o d  with a c t u a l  c o n d i t i o n r .  

2 . 2  INSULATION 

Each derign ha8 a r o l a r  r h i r l d  t h a t  c w b i n r r  t h r  rhading  of t h r  a n t o n m  

with m u l t i p l e - f o i l  i n s u l a t i o n .  Tho i r o t o p l c  c o n f i g u r a t i o n  h a r  an a d d i t i o n 8 1  

o h i e l d  t o  reducr  t h e  en r rgy  i n t r r c h r n g e  betwron i r o t o p r  and s q u l p o n t  com- 
partment .  It a l r o  r l l o w r  a low omirrive c o a t i n g  on t h e  i n r u l a t i o n  rxtrrnal 
r u r f a c e ,  thereby  l n c r e a r i n g  t h e  p r o t e c t i v e  c r p b i l i t y  of t h e  i n r u l a t i o n ,  

The adequacy of t h e s e  d e r i g n r  i n  prevent ing  hea t  leakage i n t o  or  ou t  of t h r  

s p a c e c r a f t  is i l l u o t r a t e d  i n  F igure  2-5 and 2-6 .  

2-1 
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I n s u l a t i o n  t es t  r e s u l t s  published by Nat iona l  Research Corpora t ion  

[1959) ,  General  E l e c t r i c  Caeagrande, [1962] , and Ph l l co  WDL [1963] Indicate 

t h a t  a n  o v e r a l l  e f f e c t i v e  emissivity of 0.01 Is very  conse rva t ive ,  parti- 

c u l a r l y  where t h e  f a e t e r n e r  and edge area l e  much l e e s  than  t h e  covered 

area. A s s m i n g  t h i s  e f f e c t i v e  cmfss lv i ty ,  a n  equipment compartment tcrprperr- 

t u r e  of 70°P (53OOP) and an  e x t e r n a l  I n s u l a t i o n  emi88iVity ( a b o r p t l v i t y )  of 

u n i t y  t h e  h e a t  input  a t  1 A.U. I8 +9.6 wattr f o r  t h e  e o l a r  pane l  d t e i g n .  

T h i s  r e s u l t s  i n  a hea t  l e a k  a t  2 A.U. of only -1.9 watts which is well wi th-  

i n  t h e  a l lowab le  limit of -30 wattr. 

The i o o t o p i c  d e r i g n  ha8 a hea t  input  I n t o  t h e  rrpacecrrf t  from t h e  run 

of only  +3.0 watts, assumfng t h e  r h l a l d  ha8 an a b r o r p t i v i t y  ( e m i r r i v l t y )  of 
1.0 and the  i n r u l a t l o n  e x t e r n a l  a m l r r l v l t y  I8 0.09. Again the  e f f e c t l v r  

e m l r r i v l t y  I8 t aken  a t  0.01. 

s h i e l d  c o n r i r t r  of 30 layerr of c r ink led  r l u m l n l t r d  mylar r t r c k r d  t o  r h e i g h t  

of 1 /2  inch .  

t h o  h r a t  rb ro rb rd  f r m  t h e  8un by t h r  r h i r l d  and/or r n t r n n r ,  war t h r  can- 

plrtr l n r u l a t f o n  a r m  and, t h e r r b y ,  p r r v r n t  local hot  rpotr .  T h i r  uutrrirl, 
p r rhapr  rluminum f o r  It8 low .mlrrivr c h r r r c t r r l r t i c ,  could a180 rupport  4 

c ~ b t i n g  i t  r a q u i r r d .  Thr i n r u l r t i o n  l r  r t t r c h o d  wi th  4 minimum of Frrtmrrr, 
p r r f r r r b l y  c r ramlc- type  b o l t r ,  4nd proprr ly  o v r r l r p p r d  t o  p r r v r n t  rdgr  lo r r r r .  
The t o t r l  r h l r l d  Wright f o r  t h r  r o l r r  pan01 d r r i g n  f 8  1088 than  4 Ibr. w h i l r  

t h o  f r o t p i c  d r r i g n  I8 1088 than  8 Ib r .  

The l n r u l r t i o n  d r r i g n  r r c o r ~ m ~ n d r d  f o r  t h e  h a r t  

The r x t e r n r l  r u r f r c r  ~ t r r i r l  f 8  a har t -conductor  t o  d i r r i p r t r  . 
2.3 ACTIVE CONTROL 

WFth t h e  r f f r c t  of t h r  rxtrrnrl rnvironmmt n r v t r d ,  rqu lpnrn t  tomporr- 

t u t r  c o n t r o l  I8 t han  a u f n t a l n r d  by j u d i c l o u r l y  u r i n g  t h r r n u l  c o n t r o l  r u r f r c r r  

i n  conjunct ion  wi th  l n t o r n r l  h u t  gana r r t l on ,  Thr r a d i a t i n g  r u r f b c r  arm 
of t h o  rqulpmrnt cornpartaunt on t h o  r rav ln ing  r ider  of t h e  r p r c r c r r f t  t h a t  

"rrr" on ly  co ld  r p r c r  in both d r r i g n r  4rr r u f f i c i o n t  t o  d l r r i p r t r  t h r  

o x p r c t r d  park load of 375 wrttr. Dur t o t h r  c y c l i n g  of r q u l p r ~ r n t  d u t i n l  t h r  

mirrion, r c t i v r  t m p r r 8 t u r c  c o n t r o l  i n  t h o  t o m  of m o v u b l r  r h u t t o t r  i 8  u r r d .  
Tho d r r l g n  employad on t h r  Pkt lner-C ha8 r u f f i c i r n t  p r r fo rnunc r  t o  bo r p p l i -  

c a b l e  h e r e .  The number of a c t i v e  u n i t 8  can b r  minlmltrd by c a r r f u l l y  l o c r t t n g -  
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t h e  components. 

f a i r l y  cons t an t  due t o  t h e  c y c l i n g o n  of u n i t s  when o t h e r s  a r e  o f f  can 

u t i l i z e  t h e  more r e l i a b l e  and l e s s  weighty pas s ive  technique f o r  c o n t r o l .  

Act ive c o n t r o l  can not be t o t a l l y  e l imina ted  but can b e  optimized a s  t h e  

equipment and t h e i r  hea t  d i s s i p a t i o n  c y c l e s  become b e t t e r  known dur ing  a 

d e t a i l e d  d e s i g n .  The p resen t  des ign  u t i l i z e s  5 a c t i v e  u n i t s  a t  a t o t a l  

weight of l e s s  than 2 1  l b s .  based on a u n i t  weight of 1 .75 l b s l f t 2  of 

r a d i a t i n g  a r e a .  

A compartment whose h e a t  d i s s i p a t i o n  du r ing  t h e  mlssion is 0 

The equipment i s  mounted d i r e c t l y  t o  t h e  r a d i a t i n g  s u r f a c e  t o  minimize 

i n t e r n a l  hea t  conduct ion and thereby ,  i n c r e a s e  t h e  e f f i c i e n c y  of t h e  r a d i a t i n g  

s u r f a c e .  Th i s  r e s u l t s  i n  an in t eg ra t ed  tempera ture  c o n t r o l  s y s t e m  and equip-  

ment package. 

A l l  s u r f a c e s  not used f o r  temperature  c o n t r o l  a re  covered e i t h e r  with 

s u p e r - i n s u l a t i o n  o r  a low-emissive c o a t i n g ,  depending upon t h e  r a t i o  of edge and 
f a s t e n e r  u r e a , t o  t o t a l  areas ,  complexity of des ign  and t o t a l  performance r equ i r ed  

T h i s  i s  t o  prevent  sub-cool ing of the  equipment and t o  minimize energy 

in te rchange  with s o l a r  pane ls  and extended booms. Assuming an e f f e c t i v e  

e m i s s l v i t v  of 0 .01 ,  t he  t o t a l  h e a t  leak  Is 9 . 1  w a t t s .  The weight of t h i s  

i n s u l a t i o n  i s  approximately 6.9 l b s .  T h i s  b r i n g s  t h e  t o t a l  weight of t h e  

thermal c o n t r o l  subsystem t o  about  32 t b s .  f o r  t h e  s o l a r  panel  des ign  and 

36 1bs .  f o r  t h e  i s o t o p i c  des ign .  

0 

2.4 EXTERNAL EQUIPMENT 

Ser ious  thermal des ign  problems a s s o c i a t e d  wi th  t h e  v a r i a t i o n  i n  s o l a r '  

h e a t i n g  o ther  t han  t h e  main equipment compartment a r e  s p a c e c r a f t  appendages 

such as s o l a r  pane l s ,  t h e  h igh-ga in  antenna and s c i e n t i f  i c  ins t ruments  

mounted d i r e c t l y  on t h e  s p a c e c r a f t  and/or booms. S t e a d y - s t a t e  tempera ture  

c o n t r o l  of t h e  s o l a r  pane l s  i n  confuncto in  with t h e  power des ign  i e  d i s c u s s -  

e d  i n  d e t a i l  i n  Volume 7 on power. However, panel  temperatures  can f a l l  

wel l  below -100 F du r ing  a manuever should t h e  pane ls  become o r i e n t e d  edge- 

wise t o  t h e  sun. The s e v e r i t y  of t h i s  problem can be noted i n  F igu re  2 - 7  

where the  tempera tures  can drop  as low as  -224OF w i t h i n  two hour s ,  assuming 

0 
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a manuever occurs  30 days from a Brcnks 12) encounter .  T h i s  imposes a 

seve re  cond i t ion  on t h e  s o l a r  c e l l  adhesive which is  normally l imi t ed  t o  a 

minimum tempera ture  of -160'F. Careful  cons ide ra t  ion  of panel  o r i e n t a t  i on  

du r ing  manuevers and t h e  l i m i t s  of so la r  c e l l  des ign  must be included i n  

any f u t u r e  inves t  i g a t f o n s .  

0 

The tempera ture  w i l l  range from +looo t o  -lOO°F between 1 and 2 A.U. 

The low tempera ture  a t  2 A . U .  may impose a seve re  hea t  l eak  on t h e  equipment 

compartment. To reduce t h e  problem, a high thermal  r e s i s t i v e  j o i n t  i s  

needed. The j o i n t  m u s t  a l s o  have s u f f i c i e n t  s t r u c t u r a l  i n t e g r i t y  t o  suppor t  

t he  s o l a r  pane ls  du r ing  t h e  boost a n d  deployment phases .  Although t h e  two 

requi rements  a r e  normally incompatible because a s t r o n g  s t r u c t u r a l  j o i n t  i s  

i n h e r e n t l y  a good thermal conduct ing j o i n t ,  t h e r e  a r e  a number of p o s s i b l e  

methods t o  achieve  t h e  d e s i r e d  j o i n t  c h a r a c t e r i s t i c s .  

One of these p o s s i b i l i t i e s  is t h e  u se  of an  isotope-impregnated material  

t h a t  would expand o r  vapor ize  due t o  t h e  hea t  added by t h e  i so tope  decay. 

There a r e  some i s o t o p e s  t h a t  have an i n c r e a s i n g  hea t  gene ra t ion  wi th  t i m e ,  

e . g . ,  U - 2 3 2 ,  which can be used t o  reach a t h re sho ld  some time dur ing  t h e  

miss ion  and,  t he reby ,  reduce the  thermal c o n t i n u i t y  of t h e  j o i n t .  Th i s  

technique  sugges t s  t h a t  f u r t h e r  exp lo ra t ion  should be conducted. 

a 

Two posf i fb le  h igh -ga in  antenna mounting techniques  have been I n v e s t i -  

ga ted :  

a x i s ;  and (2)  a girnbaled antenna whose a x i s  always po in t8  toward t h e  e a r t h .  

A t empera ture  range of -30' t o  +135'F can be maintained on t h e  fixed o r i e n -  

t a t i o n  while  a range from 0' t o  125'F i s  ach ievab le  on a movable an tenna .  

In  both c a s e s ,  t h i s  temperature  con t ro l  can be achieved by proper u t i l i z a t i o n  

of o p t i c a l  c h a r a c t e r i s t i c s  on t h e  in s ide  and o u t s i d e  su r facee .  These cha r -  

a c t e r i s t i c s  a r e  a v a i l a b l e  i n  e x i s t i n g  c o a t i n g s .  

(1) a body-fixed antenna o r i en ted  t o  60' off  t he  spacec ra f t - eun  

In a d d i t i o n ,  t h r e e  e x t e r n a l l y  mounted s c i e n t i f i c  u n i t s  have been exam- 

ined t o  de te rmine  t h e  s u r f a c e  o p t i c a l  c h a r a c t e r i s t i c s  requi red  f o r  tempera- 

t u r e  c o n t r o l .  The u n i t s  a r e  the  magnetometer, ion chamber, and t h e  scan  

2-10 
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p la t fo rm which suppor t s  a W spec t ro  photometer,  I R  radiometer o r  W photo- 

me te r s ,  and a slow-scan t e l e v i s i o n .  Paramet r ic  curves  have been generated 

f o r  t h r e e  d i f f e r e n t  shapes ,  v i z . ,  s p h e r i c a l ,  c y l i n d r i c a l  and cub ic ,  t o  

o b t a i n  the  tempera ture  a t  t h e  two extreme s o l a r  d i s t a n c e s  of 1 and 2 A.U. 

as  a f u n c t i o n  of s u r f a c e  o p t i c a l  p r o p e r t i e s ,  i n t e r n a l  hea t  gene ra t ion  and 

geometry. These curves  i n d i c a t e  tha t  a tempera ture  range of 5 2  t o  1 1 2  F can 

be  obta ined  f o r  t h e  magnetometer with a s o l a r  absorp tance  (emi t tance)  of 

0.285 and an e m i s s i v i t y  of 0.4 on the  surfaces not  having s o l a r  impingement. 

F u r t h e r ,  t h e  ion  chamber can  be he ld  between 43' and ll8'F wi th  s u r f a c e  

p r o p e r t i e s  a l l  equal  t o  0.055. The e m i s s i v i t y  of t h e  p o r t i o n  o f  t h e  su r face  

viewing t h e  sun is  assumed t o  be equal  t o  the  s o l a r  absorp tance  as p rev ious ly  

d i s c u s s e d .  

0 

0 

The scan p l a t fo rm doe8 not  f a l l  i n  t h e  same ca tegory  a s  t h e s e  i n s t r u -  

men t s .  

u t i l i z i n g  a hea t  s h i e l d  and by tu rn ing  t h e  u n i t  on a t  a pre-arranged t ime 

dur ing  the  f l i g h t .  The maximum temperature  a t  1 A.U. with  t h e  u n i t s  o f f  i s  

119'F whi le  t h e  c o l d e s t  with the  u n i t s  off a t  2 A.U. i s  -51°F. 

va lue  can be r a i s e d  t o  a r e s p e c t a b l e  89'F i f  t h e  u n i t e  are turned  on approx i -  

mate ly  60 days p r i o r  t o  r eco rd ing  d a t a .  

Analys is  i n d i c a t e s  t h a t  f i n e  tempera ture  c o n t r o l  can be obta ined  by 

The l a t t e r  

0 

2 . 5  MIDCOURSE MANEWERS 

The e f f e c t  of midcourse maneuver8 on tempera ture  r i s e  r a t e  i n  t h e  equip-  

ment canpartment has  been eva lua ted  assuming t h e  fo l lowing  cond i t ions :  

0 
a .  Maximum misalignment of 90 from t h e  sun - spacec ra f t  a x i s .  

b .  Equipment canpartment taken a s  lump mass weighing 450 l b s .  and 
0 a t  an  i n i t f a l  t empera ture  of 70 F .  

c .  Act ive  c o n t r o l  s h u t t e r s  f u l l  open, which r e s u l t s  i n  an  e f f e c t i v e  

e m i s s i v i t y  of 0.69 over 12 f t 2  whi le  t h e  rest  of t h e  e x t e r n a l  

s u r f a c e  i s  covered w i t h  sup-?r - insuLat ion .  

d .  I n t e r n a l  h e a t  genera t ion  at  300 watts. 

2 - 1 1  
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0 The time t o  reach  c r i t i c a l  equipment tempera tures  of 120 and 

150°F a r e  presented  i n  Figure  2-8 as a func t ion  of d i s t a n c e  from sun 

and s o l a r  h e a t  flux. The p r e s e n t l y  scheduled midcourse maneuvers cause 

a maximum misalignment of 2 hour8 du ra t ion  which is  w e l l  w i t h i n  the  times 

i n d i c a t e d  i n  t h e  f i g u r e .  
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SECTION 3 

EXTERNALLY MOUNTED EQUIPMENT 

3 1 HIGH -GAIN ANTENNA 

S p e c i f i c  ana lyses  have been completed on t h e  fo l lowing  e x t e r n a l l y  

mounted equipment: 

a .  Body - f ixed  and r o t a t i n g  high-gain antenna 

b .  Radio iso topic  power supplymd DC-DC conver t e r  

c .  Boom-mounted magnetometer and ion  chamber 

d .  Scan p la t form.  

The h igh-ga in  antenna i s  assumed t o  be 4-fOOt d iameter ,  pa rabo l i c  f a c e ,  

and so loca ted  on t h e  spacec ra f t  a s  t o  have cont inuous s o l a r  h e a t i n g  du r ing  

a t y p i c a l  miss ion .  The major thermal problems a s s o c i a t e d  with t h i s  type  of 

antenna inc lude ,  d i s t o r t i o n  in signal due t o  temperature  g r a d i e n t s  a c r o s s  

t h e  an tenna ,  t h e  concen t r a t ion  of s o l a r  energy on t h e  f e e d  horn,  and the 

hea t  leakage with i t s  subsequent e f f e c t  on i n t e r n a l  temperature  c o n t r o l .  

0 

The aim of t h i s  pre l iminary  a n a l y s i s  i s  t o  determine t h e  s u r f a c e  cha r -  

a c t e r i s t i c s  t h a t  main ta in  t h e  antenna temperature  p r o f i l e  c l o s e  t o  i n t e r n a l  

tempera tures  du r ing  the  complete f l i g h t .  

e f f e c t  and a l s o  minimizes t h e  d i s t o r t i o n s  t h a t  are c r e a t e d  by a l a r g e  g rad ien t  

between antenna and support  s t r u c t u r e .  

v a r i a t i o n s  i n  t h i s  an tenna  h a s  not  been solved dur ing  t h i s  s t u d y  because 

t h e  antenna des ign  is not t o t a l l y  def ined and t h e  a n a l y s i s  is complex and 

lengthy .  

high s o l a r  absorb ing  and d i f f u s e  coa t ing  on t h e  i n s i d e  su r face  and t h e  f a c t  

t h a t  t h e  antenna a x i s  is not  i n  line with t h e  sun. 

T h i s  reduces  t h e  hea t  leakage 

The d i s t o r t i o n  due t o  temperature  

The concen t r a t ion  problem is negated by u t i l i z i n g  a r e l a t i v e l y  

The d e s i r e d  su r face  c h a r a c t e r i s t i c s  have been determined f o r  two 

antenna system des igns .  T h e  f i r s t  a l lows  t h e  antenna t o  r o t a t e  i t s  a x i s  

PHI LCO! 
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toward the  e a r t h .  The second i s  a body-fixed antenna s e t  a t  a pre-determined 

ang le  from the  spacec ra f t - sun  a x i s .  

In a l l  c a s e s  ana lysed ,  the  antenna is assumed t o  be a n  i so thermal  s t r u c t u r e  

and t h e  t ime r a t e  of charge of t h e  heat  f l u x  upon the  antenna is  slow enough 

t o  i n s u r e  t h a t  t h e  antenna is always i n  thermal  equ i l ib r ium with i t s  

environment.  

T h i s  angle  can range from 20' t o  60'. 0 

3 . 1 . 1  Ro ta t ing  Antenna 

A t r a j e c t o r y  s o l a r  f l u x  program has been used t o  determine t h e  s o l a r  

flux i nc iden t  upon t h e  r o t a t i n g  antenna.  T h i s  program e v a l u a t e s  the  s o l a r  

f l u x  inc iden t  upon a convex polyhedron with a maximum of 20 sides given a 8  

i n p u t s  t h e  u n i t  normal f o r  each side, t h e  time p o i n t s  a t  which t h e  eva lua-  

t i o n  is t o  be made, and t h e  sun-spacecraf t  range and e a r t h - s p a c e c r a f t - s u n  

ang le  a t  t h a t  t i m e .  Each quadrant of t h e  antenna s u r f a c e  is div ided  i n t o  

twenty pa rabo l i c  t r a p e z o i d s  whi le  t he  i n t e r i o r  s u r f a c e  of t h e  antenna p re -  

s e n t s  t h e  appearance of a d i s k  being r o t a t e d  on an a x i s  perpendicular  t o  t h e  

antenna-sun l i n e  and t o  t h e  e c l i p t i c  p lane .  Re rad ia t ion  due t o  i n t e r n a l  

r e f l e c t i o n s  of t h e  inc iden t  f l u x  a r e  neg lec t ed .  

The temperaturea f o r  spacec ra f t  t r a j e c t u r e r  t o  Brooks (2) and Ponr- 

Winnecke a r e  presented  i n  F igu res  3-1 and 3-2 f o r  two tY / c  r a t i o s  of 1 . 0  

and 2.0.  The e m i s r i v i t y  he re  i r  t he  rum of t h e  l n r l d e  and o u t s i d e  emiiri- 
v i t i e s .  

6 / c  r a t i o  of 1 . 5  is i nd ica t ed  f o r  t he  Brooks (2) mls r lon  while  a r a t i o  of 

1 .0  is  suggested f o r  t h e  Pons-Winnecke Hise lon .  The r a t i o  of 1.5 cannot ba 

obta ined  with t h e  requirement that  the  e m i r r l v l t y  be equal  t o  t h e  ab ro rp -  

t i v i t y  on t h e  i r r a d i a t e d  su r face .  Therefore ,  a c o a t l n g  whore Q r / c l  r a t i o  

i s  1.35  i r  r e q u i r e d ,  where el  I8 t he  e t a i s s iv l ty  of t h e  I r r a d i a t e d  ru r f ace .  

This value  is bared upon t h e  i n t e r n a l  s u r f a c e  "reeing" I t s e l f  by a f a c t o r  of 

12 .5%.  

c o n s t r a i n t  by having the  ra t  io of i n t e r n a l  e m l r s l v i t y  t o  e x t e r n a l  e m i r r i v i t y  

equal t o  8 .0 .  A t y p i c a l  des ign  c o n s i s t s  of po l l rhed  aluminum with an emir- 

s i v i t y  of 0.10 on the  e x t e r n a l  sur face  and a green p a i n t ,  developed by JPL 
f o r  t h e  Mariner-C antenna ,  having the f l a t  absorber  c h a r a c t e r i r t i c r  of 

0 

To achieve  a temperature  range of 0 t o  125'F (460 t o  385OP), and 

8 

# 

On t h e  o the r  hand, an cUa/c r a t i o  of 1.0 is ach ievab le  wi th in  t h e  

cy = c - 0.8 f o r  t h e  i n t e r n a l  r u r f r c e .  s 8 
- 
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. 2  Fixed Antenna ~ - _ _ _ _  

The temperature  of t h e  f ixed  antenna has  been determined from t h e  

fo l lowing  equa t ion .  
a 

A / A  + uFa 

) 
QS a -  

a -v 
el + c 2 - a  

s 2 p 1  r 

v -v 

where 

a a c concave-surface s o l a r  a b s o r p t i v i t y  and e m i s s i v i t y  
S 1 

2 * s o l a r  hea t  f l u x  a t  1 A.U. 442 B tu /h r .  f t  
QS 

r * s o l a r  d i s t a n c e  (A.U.) 

P 
2 

A = pro jec t ed  a r e a  = n(4) cos Q ( f t  ) 

A1 * h a l f  t h e  t o t a l  s u r f a c e  a r e a  14.2 f t  2 

Q = angle  between vehic le -sun  a x i s  and feed horn a x i s  (deg.)  

u Ste fan -Bo l t zmn  cons tan t  0.1713 x LO Btu /h r .  f t  ( R) -8 2 0 4  

= view f a c t o r  between antenna and v e h i c l e  
a -v 

2 

Fa 

u e m i s s i v i t y  of convex su r face  

v e h i c l e  temperature  * 530°F 
TV 

0 .75  

view f a c t o r  of antenna concave su r face  t o  ,:se 
v -v 

E = 0. 25 

For a 20' o r i e n t a t i o n  a c 1 / e 2  r a t i o  of 0.515 wae i n i t i a l l y  determined a t  t h e  

mean hea t  f l u  poin t  between 1 and 2 A.U. t o  achieve  an  antenna temperature  

of 70°F. 

r e s p e c t i v e l y .  For a 60' o r i e n t a t i o n ,  an  OI e = 0 . 6  and a c. 0.05 

r e s u l t s  i n  a temperature  of 135'F a t  1 A.U. and -29'F a t  2 A.U.  

a t u r e s  a r e  wel l  w i th in  t h e  s t r u c t u r r l  l i m i t s  of t h e  antenna and r ep reaen t  a 

c l o s e  approximation t o  t h e  i n t e r n a l  temperature  requi rements .  

The r e s u l t i n g  temperatures  a t  1 A.U. and 2 A.U.  a r e  125OP rnd 34'F, 

s 1 2 
These temper- 
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3.2 ISOTOPIC PWER SUPPLY 
A hea t  ba lance  a n a l y s i s  on the  r a d i o  i s o t o p i c  power supply has  been 

performed. The s u r f a c e  tempera ture  of t h e  u n i t  h a s  been c a l c u l a t e d  a s  a 

f u n c t i o n  of s u r f a c e  e m i s s i v i t y  and s o l a r  d i s t a n c e .  It is concluded t h a t  

t h e  s u r f a c e  tempera ture  can  be he ld  w i t h i n  accep tab le  l i m i t s  by proper ly  

s e l e c t i n g  s u r f a c e  o p t i c a l  p r o p e r t i e s ,  as shown i n  F igure  3-3. The d e t a i l e d  

a n a l y s i s  i s  given i n  Appendix A .  

e 

A thermal  a n a l y s i s  h a s  been conducted on t h e  DC-DC conver t e r  l oca t ed  

o r i g i n a l l y  c l o s e  t o  t h e  i s o t o p i c  power supply.  The s u r f a c e  temperature  of 

t h e  u n i t  i s  determined a s  a func t ion  of t h e  s u r f a c e  e m i s s i v i t y  and t h e  con- 

v e r t e r  hea t  d i s s i p a t i o n .  The a d d i t i o n  of coo l ing  f i n s  has  been i n v e s t i g a t e d .  

It i s  concluded t h a t  t h e  conve r t e r  must be loca t ed  where it is not  exposed' 

t o  d i r e c t  s o l a r  r a d i a t i o n  andfo r  the  hea t  d i s s i p a t i o n  of t h e  i s o t o p i c  power 

supply .  The r e s u l t s  of t h e  s tudy  a r e  sumnarized i n  F igure  3-4. The a n a l y t i -  

c a l  d e t a i l s  are given i n  Appendix B. 

3 .3  MAGNET(METER AND IONIZATION CHAMBER 
Parametr ic  curves  have been prepared t o  a l low a quick de te rmina t ion  of 

s u r f a c e  p r o p e r t i e s  r equ i r ed  t o  achieve  a d e s i r e d  tempera ture  range a s  a 

f u n c t i o n  of t h e  s o l a r  hea t  f l u x  v a r i a t i o n  between 1 and 2 A . U . ,  t h e  i n t e r n a l  

h e a t  d i s s i p a t i o n ,  geometry and o r i e n t a t i o n .  The curves  were developed f o r  

sphe res ,  cubes and two o r i e n t a t i o n s  of a c y l i n d e r .  The fo l lowing  aesumptions 

were made f o r  a l l  cases: 

0 

1. Unit  is i so thermal  

2 .  Coating p r o p e r t i e s  do not  change wi th  time and/or  tempera ture  

3. Steady s t a t e  cond i t ione  e x i e t  a t  r l l  times 

4. No e x t e r n a l  e f f e c t  from surrounding componentc 

5 .  Emiee iv i ty  equa l  t o  e o h r  r b a o r p t i v i t y  on sun i n c i d e n t  s u r f a c e  

6 .  Temperature a t  mean s o l a r  f l u x  of 221 B t d h r .  f t  2 i r  7OoP. 
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The c u r v e s  a r e  presented i n  F i g u r e s  3-5 through 3-15. To i l l u s t r a t e  t h e  

u s e  of t h e s e  curves ,  t h e  magnetometer, a c y c l i n d e r  whose l o n g i t u d i n a l  a x i s  

i s  perpendicular  t o  t h e  sun r a y s ,  and t h e  ion chamber, a sphere ,  w i l l  be 

used as examples. 

a 

3 . 3 . 1  Magnetometer System Schematic 

[---,,----,--I 4" 

I 

Cll %" 

~ " w 

Heat d i s s i p a t i o n  q - 7 w a t t s  

Diameter D = 0 . 3 3  f t ,  

Z m g t h  L = 0 . 5  f t .  

Temp. l i m i t s  = 0 t o  130°F 

Ana 1 y s i s 

-2l- = 42 w a t t s / f t 2 ;  D/L = 0.67 DL 

0.3, t h e  OrS From Figure  3-10, c = 0.4; from F i g u r e  3-12 f o r  - = 2 E 

1 AU 
CY 

temperature  a t  1 A.U. (T 

i s  51°F. From Figure  3-9, E = 0.95 and CIS u1 = 0.285.  I f  t h e  magneto- 

meter a x i s  is a l igned  with t h e  sun, t h e  r e s u l t i n g  tempera tures  are  91  F a t  

1 A.U. and 43'F a t  2 A.U., s t i l l  wi th in  t h e  r e q u i r e d  l i m i t s .  

) is  112'F and t h e  temperature  a t  2 A.U. (T2 Au) 

CY 0 

3.3.2 Ion Chamber Schematic 

The ion chamber s u r f a c e  c h a r a c t e r i s t i c s  can be obtained from Figure 3-5,  

3 -6 ,  and 3 - 7 .  The fo l lowing  geometry has  been i n v e s t i g a t e d :  
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F i g .  3 - 7  reaperature of a Sphere a t  1 and 2 A.U. a8 a 
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Fig. 3-12 Temperature of Cylinder a t  1 a n d  2 A.V. as B 
F u n c t i o n  c.f Surface Properties and Dimensions 
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Fig. 2-15 Temperature of Cylinder as a Function of Solar 
Load for Various Geometries 
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,. E, Heat d i s s i p a t i o n  = 0 . 5  w a t t  

Diameter = 0 . 3 3  f t .  

Temp. l i m i t s  = -22 t o  +158'F 

SWEPE 

Ana 1 y s i 6 

- w  qint 4.5 
D2 

ff 

E 1 '2' T1 AU 

4.5. This  r e s u l t  i n d i c a t e s  one c o a t i n g  can be 

I 
6 0 From Figure  3-7 and assuming - =  0.5 or c = 

43'F. 

e l  = c 

118 F and T2 AU 

From Figure  3 - 6 ,  E = 0.11 and as = el = t = 0.055. From Figure 3-5, 2 
0.055 a t  qint/D2 2 

used t o  achieve temperature  c o n t r o l  f o r  a l l  p o s s i b l e  sun look anglee .  

3 . 4  SCAN PLATFORM 0 The scan p la t form p r e s e n t l y  conta ins  the  UV spectro-photometer ,  IR 
radiometer  o r  W photometers,  and slow scan t e l e v i s i o n  and l e  so loca ted  a s  

t o  have s o l a r  f l u x  impingement a t  all t imes.  Two p o s s i b l e  thermal configu-  

r a t i o n s  were i n v e s t i g a t e d  a s  follows: 

System Schematics.  The i n t e r n a l  h e a t  genera t ion  as  given i n  Tnble 1-1 

f o r  t h e  components t o t a l s  t o  24 watts. The temperature  l i m i t s  a r e  0 t o  

120°F. 

s p a c e c r a f t .  I n  t h e  case of t h e  u n i t  without  t h e  s h i e l d ,  two s o l a r  pro jec ted  

areas have been i n v e s t i g a t e d  because t h e  o r i e n t a t i o n  could r e s u l t  i n  two 

s i d e s  having  sun impingement. 

The p la t form is  assumed i so thermal  and t o t a l l y  divorced from t h e  
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4 LC 
O T H C C  
S I D E 5  ,-’ 

e, 

12- e 
1 ’  ds=C, 

(2) 4 1z.6 --- 
I 

v 

Separa t ion  d i s t a n c e  between s h i e l d  

and u n i t  i r  rmal l  enough t o  make 

view f a c t o r  u n i t y .  

Ana lys i s  

Case 1: Unit  O n l y .  

The h e a t  ba lance  equat ion  e impl i f  le8 a s  fo l lows:  

t 

where 

T = t empera ture  of scan u n i t  (OR) 

a = t - s o l a r  a b s o r p t i v i t y  equal  ti emissivity 
S 1 

P 
A = pro jec t ed  e m i s s i v i t y  a r e a  - maximum 0.965 f t  2 

QS 

2 - minimum 0.665 f t  
Btu 

h r  f t  2 = s o l a r  hea t  f l u x  a t  1 .0  A.U.  = 442 

r = s o l a r  d i s t a n c e  (A.U.) 
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= i n t e r n a l  h e a t  d i s s i p a t i o n  24 watts (82 Btu /hr )  Q i n t  

p2 

A2 

-8 2 4 n = Stefan-Boltzman cons t an t  = 0.1713 x 10 B t d h r .  f t  (OR) 

= e m i s s i v i t y  s u r f a c e  having no s o l a r  impingement 

2 A1 = maximum a r e a  having e m i s s i v i t y  a = 1 .33  f t  
1 

2 = s u r f a c e  a r e a  having  no s o l a r  impingement = 3.62 f t  

Case 2: Unit with Heat Shie ld .  

The hea t  ba lance  equat ion  f o r  t h e  u n i t  t empera ture  becomes: 

where 
2 Al = A = minimum pro jec t ed  area 0.665 f t  

P 
F = e m i s s i v i t y  f a c t o r  between two p l a t e s  1 

- 1  1 e - + -  
Fa Fb . 

Fa = view f a c t o r  between s h i e l d  and u n i t  = 1 .0  

The resu l t s  of t h e  s tudy  a r e  t abu la t ed  i n  Table  3-1. 

The r e s u l t s  i n d i c a t e  t h a t  a heat s h i e l d  des ign  will main ta in  a c l o s e r  

tempera ture  c o n t r o l  t han  t h e  u n i t  by i t s e l f .  Assuming power t o  t h e  u n i t  

i s  o f f  a t  1 A.U.  and on a t  2 A . U . ,  t h e  tempera ture  range f o r  Case 1 is 32' 

t o  121°F o r  a d i f f e r e n c e  of 89'F, while t h e  h e a t - s h i e l d  des ign  Case 2 tempera- 

t u r e  range is 89'F t o  119'F o r  a d i f f e r e n c e  of 30°F. However, t h e  tempera- 

t u r e s  a t  2 A.U.  i n d i c a t e  t h a t  a problem may e x i s t  j u s t  p r i o r  t o  t u r n i n g  t h e  

components on, -49OF f o r  Case 1 and -51°F f o r  Case 2 .  The warm-up time m y  

be c r i t i c a l  wi th  regard t o  performance r equ i r ed  a t  encounter .  

i t  is recommended t h a t  t h e  u n i t s  be a c t i v a t e d  a t  1.6 A.U. o r  60 days 

The re fo re ,  
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p r i o r  t o  Brooks (2)  encounter t o  main ta in  both des igns  above t h e i r  lower 

tempera ture  l i m i t  of OOF. 
require h e a t  t o  be cont inuous ly  generated fran i n j e c t i o n  t o  encounter t o  

ma in ta in  tempera ture  c o n t r o l .  A t  24 watts and s u r f a c e  e m i s s i v i t y  of 0.1, 

t h e  s t eady  s ta te  tempera ture  is approximately 98 F. 

Locat ing  t h e  scan p l a t fo rm behind t h e  bus  w i l l  

0 

1 a = e  
8 

1 .o 

TABLE 3-1 Scan Pla t form Temperature Cont ro l  

Unit Temperature (OF) 
With I n t e r n a l  Heat I Without In 

Max Min Max 

1 .o 33 0 11 

0.2 153 112 127 

0.05 203 158 174 

* * 
2 C Dis tance  

1 .o 

1 A.U. 

0.05 58 32 -12 

0.2 -- 32 - -  
0.1 - -  89 - -  
0.05 -- 138 - -  

With Heat Shie ld  

I! = 1.0 a 

eb = 1.0 

2 A . U .  

With Heat Sh ie ld  

€ - 1.0 a 
Cb = 1.0  

1 I 1 II 
I 

1 .o -75 -94 <-75 1.0 I 0.2 1 20 I -20 11 -45 

ernal Heat 

Mfn 

-28 

78 

121 

-9 1 

58 

119 

170 

CC-75 

-80 

-49 

-94 
-51 

-15 

* Maximum and minimum p r o j e c t e d  a r e a  
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SECTION 4 

COATINGS AND MATERIALS 

4.1 ENVIRONMENT 

During the study, an examination of the effects of ultra- 

violet and nuclear radiation and of low temperatures on thermal 
control coatings and materials has been conducted, The study 

has investigated the degradation in optical characteristics, 

solar absorptance ( c y 8 )  and infrared emittance (F), of 

coatings and materials when subjected to the estimated space 

environment, An attempt her been made to establish five 

u s / @  coatings that cover the complete spectral range and 

also include coatings that are flat acros8 the spectral range, 

i.e.as/c * 1.0, for a wide variation in reflectivities. 

The preferred coatings are listed in Table 4-1. Examination 

of the evnironment reveals problem8 varying from inconrequential 

to serioua, as discussed below, 
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0.27/0 .90  
(Solar 
Re f 1 e c t o r  ) 

0.97/0.96 
( F l a t  

A be o r b e r )  

0.50/0,50 
(Ned ium 
Flat 
0 br or  be r ) 

0 .25 /0 .25  
( F l a t  
Ref l e c t o r )  

0.30/. 03 
(Tabor 
Surface)  

WDL-TR2 366 

ZnO-5Si04 (IITRI-293) 0.16/0.90 
0.25/0.80 ZnO-Silicone ( I I T R I 4 3 3 )  

ZnO-5 S IO4 (I ITRI-2108) 0 .27/  * 
Kem-M49W-C17 0.26/0.79 

M i  cobond 0 .94 /0 ,91  
Kem-M49BC 0.94/0.88 
Laminar X500 Flat Green 0 .70 /0 ,84  
NO. 49-41 

SS-316 (Clean and Smooth) 0.45/0.30 
Anodized A 1  (Ematal) 0.49/0,80 
Rokidc on A 1  0.54/0.75 
Aluminized S i 1  iconc 0.33/0.34 

Alkyd (D4D) 

F u l l e r  171-A-152 0.22/0.24 
Alumatone 0.20/0.24 

2. 

Gold P la t e  on A 1  0 .30/0.03 
SS-321 (pol i shed)  * /0.07 1 
Mu 1 t i m e  t (Po 1 i a he d ) i * /0.04 
Aluminum 2024 

i 
0.27/0.02 ; 

Table 4-1. P r e f e r r e d  Coatings 

DESIGN I OBSI~RVED 1 
REC(Tt3MENDED MATERUL 

-0 d a t a  could be found. 
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4.1.1 Temperature 

The minimum temperature is probably the most serious environmental 
constraint of the parameters given. 

but very low temperature data are sparse. 

Data ie given for rome materials, 

4.1.2 Solar Constant 
2 Decreasing from 130 wattsfft (one run) to a low value to 32.5 

2 wattsfft ; this is no problem, 

4.1 . 3  U1 t raviole t 
4,000 ESH Is a serious problem, eliminating many of the organic and 

inorganic coatings. 

4.1.4 Corpuscular Radiation 
The energy deposition, dore rate and total doses are controlled by 

8 solar wind protons. The dose of 10 ergrfgm is not large, but require8 

qualification tests for Eane  organic and inorganic coatings. Oxide coatingr 

and metals will be undamaged. No Internal problanr of any kind exirt. 

4.1.5 Micrometeoroid8 
-10 Smell eize, 10 gm, 

There ir no micrometeoroid 

there will be some pitting 

6 2  2 3 x 10 -Yr. ~ a r g e  r i m ,  lom6 gm, 3 / ~  -Yr. 

problem in the interplanetary medium. While 

and roughening, the area affected will not 

be large, enough to change the values of the optical properties [Streed and 

Bevcridge, 1964; Lehr, Martire and Tronolone, 19621. 

4.1.6 Boort Phare 

None of the vibration8 or "g" forces app8.r large enough to pore a 

problem f o r  any of the prerent high-quality coatingr. Rooni temperature 
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v i b  t i o n s  

i n c h e s l i n c ,  

r 

onducted by IITRILZerl u t  and Harada, 1963aI a t  15 x 

f o r  s i x  minutes a t  1,725 cpm, followed by 10 cyc le s  of thermal 

shock (LN 

coa t ings  passed t h i s  t es t  e a s i l y .  

t o  200°F) were g iven  t o  a number of c o a t i n g s .  The SP-500-ZnC 2 

4.2 THERMAL CONTROL SURFACES 

F igures  4-1 t o  4-8 and Tables  4-2 t o  4-5 p r e s e n t  d a t a  on candida te  m a t e r i a l r  

f o r  temperature c o n t r o l  i n  the f i v e  o<,/e c a t e g o r i e s  r e q u i r e d .  

4 . 2 . 1  S o l a r  R e f l e c t o r s  

Four m a t e r i a l s  appear s a t i s f a c t o r y  f o r  s o l a r  r e f l e c t o r s ,  w i th  

( a s  IITRI-293) and ZnO-silicone (ae IITRI-S33) the b e s t  ZnO-I$SiO 

a r e  p re sen ted  i n  Tables  4-2 and 4-3 and F igures  4-1, 4-2 and 4-3, 

There a r e  no m c l e a r  r a d i a t i o n  d a t a  on the  I I T R I  c o a t i n g s ,  and th  

4 Data 

I would 

have t o  be checked exper imenta l ly .  It  is  be l i eved  t h a t  they w i l l  p a r r .  

The Kemacryl M49W-Cl7 passed a severe  n u c l e a r  r a d i a t b n  t e s t ,  and t h e  

IITRI-2108 passed a l i m i t e d  u l t r a v i o l e t  t e s t  (1,700 ESH). Data on 

F u l l e r  517-W-1 show i t  t o  be inadequate f o r  one p r o p e r t y ;  t h i s  being 

thermal shock. Otherwire ,  t h i n  is a good c o a t i n g .  

4 .2 .2  F l a t  Absorbers 

Data on t h r e e  m a t e r i a l r  a r e  presented  i n  Table 4-4. The two organic8  

Microbond and Kem-M49BC a r e  e s s e n t i a l l y  undamaged by 630 ESH of u l t r a -  

v i o l e t , b u t t h i s  i s f a r  less than  t h e  environment of 4,000 ESH. No low 

tempera ture  d a t a  could be found and t h e  m a t e r i a l s  rhould  be t e s t e d .  LMSC 

has  had loosening  of Dow 1 7  bonds t o  m e t a l ,  under a c r y l i c  p a i n t s ,  a f t e r  

thermal shock tes ts .  The Laminar X500, f l a t  g reen  No, 49-41 manufactured 

by Magna Coating and Chemical Co. of Lo8 Angeler ,  i s  a polyurethane 2 p a r t  

sprayed-on system w i t h  a room temperature cure, A f t e r  about 600 U.V. run 

h o u r s ,  t h e  v i s i b l e  c o l o r  changes but  t h e  o v e r a l l  spectrum is changed very  

l i t t l e .  Thie p a i n t  is used on the Mariner Mare 1964 s p a c e c r a f t .  
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0 -  

EFFECT OF UV ON WHITE COATINGS 
[AFML, 19641 

I I 1 
8 
A 

DbTA SPREAD 

F I G .  4-1 WHITE KEHACRYL 

ESH-UV 

F I G .  4-2. FULLER 517-W-l GLOSS WHITE ON 6061 ALUMINUM 
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U m 0 O o 6 ;  04 

0.2 

0 -  

F I G .  4-3 FULLER 517-W-l GLOSS WHITE PAINT [AFML, 19641 

- ~~ ~ ~~ ~ 

- 

i 
- 

I I L L I I A 1 

CONDITIONS: SUBSTRATE 6061 ALUMINUW AND DOW 17 COATED HMZI A 
MAGNESIUM (MO DIFFERENCE I N  RESULTS) 

TEST DATA AT 5m AND IO'', HB (NO EVIDENCE OF 
EFFECT DUE TO THE VARIATION I N  PRESSURE) 

DATA AT TWO T l H E  EXPOSURES FOR EACH TEHPERATME: 

I20 SEC 

900 SEC 

(SLIGHT INCREASE I N  as FOR 900 SEC) 

L I Q U I D  NITROGEN IMMERSION RESULTED I N  COMPLETE 
LOSS OF BONDING, SURFACE CRACKED AND PEELED 

4- 6 

WDL DIVISION , 
< 



WDL- TR2 36 6 

0 s 6  

1::: 
0.3 W 

z 
0 0.2- c 

0.1 

0.3 I 

0.2 

0 .  I 

? 
AFTER REPEATED HEAT C Y C L I N G  

1 
4 

O R l G l M A L  DATA 

- 
i 1 1 I 1 1 L 1 1 L L 1 

0 0  
200 600 IO00 I400 I800 

TEMPERATURE (OF) 

FIG. 4-4 as FOR S T A I N L E S S  S T E E L  316 

GWOOO, D E W ,  AN0 LUCKS, 19621 

C O N D I T I O N S :  CLEAN AND SMOOTH 
M E A S a E D  I N  A I R  A T  100' F 

TEMPERATURE ( O F )  

FIG. 4-5 e FOR S T A I N L E S S  S T E E L  316 
[WOOD, DEEM AND LUCKS, 19621 

C O N D I T I O N S :  CLEAN AND SMOOTH 
M E A S M E D  I N  HELIW 
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0 

a a c 
0 
I- 

0.4 

0 02 

-400 0 400 800 I200 

TEMPERATURE (OF) 

FIG. 4-6 TOTAL e FOR M U L T I H E T  (ALLOY N - L S 5 )  

C O N D I T I O N S :  MEASURED I N  V A C U W  
VERY L I T T L E  D I F F E R E N C E  
WHEN P O L I S H E D  OR O X I D I Z E D  

0.71 

I I 1 I I I 1 L 

0.1 0.3 0.5 0.7 0.9 1 . 1  1.5 2 00 2 05 

F I G .  4-7 SPECTRAL e FOR N U L T I H E T  (ALLOY N - 1 5 5 )  

PH I LCO 

C O N D I T I O N S :  POLISHED SURFACE 
MEASURED I N  A I R ,  ROOM TEMPERATURE 
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O e 3  

w u z E o e 2  - 
E 
W 

a c 
0 c 

0.1 3 a 
8 

* 

' -  

4 

- 

, 1 I I I 

TEMPERATlHE ( O F )  

FIG. 4-8 NORMAL TOTAL EMITTANCE OF SS-TYPE 321 
VS TEMPERATURE [AFML, 1964) 

6 MICROINCHES ma - PROPERTIES MEASURED I N  VACUUH 
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s-33 

2-93 

2-108 

Table 4-2. Effect of W on White = .27/90) Coatings 

[Zerlaut and Harada; 1963b, 1963~1 

2nO 16/ 7OO0C 0 .25 .80 
SP-500 4,200 .28 -- 

0 .16 .90 
4,200 .18 -- 

SnO 16 / 7OO0C 0 .2 70 -- 
SP-500 1,700 .276 -- 

IITRI-Formulation Exporure 
No. 1 Piment 1 Cure ESH d e  c 

Material Descrip t ion 
I 

6 G a m a  R 

Table 4-3. Effect of Radiation on White ( & , / E  - .27/.90) Coatings 
w, 1964 

Kem-M49W-C17 (on Dow 17 on HM21A) 
Kem-M49W-C17 (on Dow 17 on HM21A) 
Kem-M49W-C17 (on Dow 17 on HM21A) 
Sod. Silicate I'D" plue Ultrox 
Sod. Silicate '9'' plus Ultrox 
Ful. Leaf A1-171-A 
Ful. Leaf A1-171-A 

0 .26 .79 
150 .32 .80 
600 .37 .82 
0 .29 .91 

700 .29 .85 
0 .21 .16 

600 .30 .20 
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Mat e r i a l  Des c r i p  t ion 

Micobond on Dow 17 on HM 2 1 A  

Kem-M49-BC12 (Same Subs t ra te :  

Laminar X500, F l a t  Green 
NO. 49-41 

I I I 
I 

Exposure 
ESH 4 8  € 

0 .94  .91 
630 .98 .87  

0 .94 .88 
630 .92 .84 

600 . 7  .84 

Table 4-5. Absorpt ivi ty-Emiseivi ty  Values 

Mate r i a l  Surface or  S u b s t r a t e  d s  c 

A 1  2024 
A 1  6061 
Av P l a t e  
Av Vac. Dep. 

Ni (E lec t ro l ees )  
SS-302 

ME 
MI3 
Mg 
ME 
A 1  
A 1  
Mg 
Rokide 
Rokide A 
S i 0 2  (5 m i l s )  

SiOz  ( 5  m i l s )  

F u l l e r  171-A-152 
MMM-Y9184 
Daw 1 7  
Ag P l a t e  
S S - 4 4 6  
SS-446 
SS-316 
Anod. A 1  

Not reported 
Not reported 
On A 1  
On A I  
Pol i rhed  
Not reported 
Dow 15 
Dow 1 
Daw 10 
Heavy HAE 
Grey anodized 
Grey anodized 
Not reported 
Not reported 
Not reported 
Not reported 

Not reported 

. 2 7  .02 

.41 .04 

.30 .03 

.24 .04 

.50 .15 

.45 1 7  
08 .19 

.64 .53 

.89 .85 

.75 .75 

.62 . 7 2  

.53 .50 

.72 .82 

.54 .75 

.21 .80 

. 2 1  .83 

.15 .90 

1 

Not reported .22 
Not reported . 2 6  
Mg-A231 . 5 9  
Epoxy-Glees 24 
No. 1 f i n i s h  .53 
No, 8 f i n i r h  .44 
Clean and rmooth .45 
Ematal p roces i  .49 

.24 

.03 

.54 

.06 

.43 

.45 

.30 

.80 

[S iber t ,  1961 ; WM, undated;  Shiplay and Thoi teoen,  
Bets, Olson, Schwin and Morrle,  1958; H u l t q u i r t  and S i b a r t ,  19641 

4-11 

i 
WDL DIVISION 



WDL-TR2366 

4.2 - 3  Uedium Flat Absorbers 

Data on three materiale are presented in Figures 4-4 and 4-5 and 

The anodized aluminum was made by the Ematal Process, using 

0 
Table 4-5. 
33 moles Na PO per mole of H PO 
rejected because of their inability to take thermal shock. 'Re stainlees 

steel 316 should withstand all of the Comet Probe environments. Very 

little data was available on a G.E. compoeite, aluminum in a silicone 

alkyd (D4D) though it indicates the beet performance of the four coatings. 

Non-leafing aluminum paints were 3 4  3 4' 

4.2.4 Flat Reflectors 

The best prospect for this application is Fuller 171-A-152 Table 4-5. 

LMSC formulations (PB-55) of this product are under test at LMSC, and 
unpublished data indicate that it may take all of the environmente except 

perhaps the low temperature, New LMSC formulations, involving experimental 

silicones and non-leafing aluminum, show promise of being better flat 

reflectors. 

sigmented petrol resin presently used on the Interim Cmunications 

Satellite for ASD. 

The alumatone developed by the Chromatone Co. ie an aluminum 

0 
4.2.5 Tabor Surfaces 

Four materials are teccnmnended for Tabor surfacer: Aluminum 2024, 

polished 321-SS, poliehed Multimet, and gold plate on aluminum. There 

should be no problem with any of these Surfaces. Optical property data 

are presented in Table 4-5 and Figures 4-6 and 4-8. An additional Tabor 

surface ie now available from MMM, vapor deposited gold on aluminum or H-film, 

which looks like a good proapect to be evaluated. 
b 

4.3 THERMAL MATERIALS 

Thermal control materiale have been examined with regerd to the anticipated 

boost, trajectory and encounter environment to determine the effects on both 

optical and physical properties. Poesible materials include the following 

table : 
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Materia 1 Temperature (OF1 Uti1 i z a  t ion 

-320 to +250 Super Insulation 

Aluminum foil (0.00025 - 0.001) 
Tissue Paper (0.002 - 0.005) 
Quartz Paper (0.002 - 0.005) 
Fiberglass (0.002 - 0.005) 
Aluminized mylar (0.002 - 0.005) 
Polished aluminum 

Stainless Steel 

Aluminum Foil (0.006 - 0.010) 
Freon 11, 12, 21, 114 

Aluminum - Beryllium 
Invar - Manganese 
Alodine on aluminum 

Daw i O i i 7  on aagneeium 

Anodized aluminum 

0 to 120 

-320 to +250 

-200 to +150 

0 to 120 

0 to 120 

0 to 120 

0 to 120 

0 to 120 

0 to 120 

Temperature Control 
Surface 

Insulation Containment 

Shutter 

Actuation Fluid 

Bellows Actuator 

Bimetallic Actuator 

Temperature Control 
Surface 

Temperature Control 
Surf ace 

Temperature Control 
Surface 

There is no evidence of a problem in any of the thermal materials in the 

specified space environment. The aluminum foil shutter will be perforated 

or roughened by 300 small micrometeorids/cm in a year's time. This i8 not 

believed to be a problem, but justifies experimental chccklng in the 

laboratory. 

2 

The internal nuclear radiation dose on the Freons will produce very slight 

degradation. A8 long ar the refrigeration lines and coils are made of 

metals resistant to chloride corrorion (this means no aluminum), there will 

be no problem with the Freon. 
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SECTION 5 
INSULATION INVESTIGATION 

5.1 MULTIPLE-FOIL INSULATION 

Preliminary investigations of possible Comet Probe designs Figures 2-5 

and 2-6 indicate a highly efficient, low-weight insulation to be used t o  

prevent compartment heating from direct and/or reflected solar energy when 

the spacecraft is at 1 A.U.  This same insulatlon must also contain the 

compartment heat generation to maintain temperature control as the space- 
craft travels away from the sun. Multiple-foil, or super-, insulation is 

considered strongly for application as the heat shield material due to its 
relatively high resistance to heat flow and low density. Preliminary cal- 
culations require an over-all insulation effective emiesivity of 0.01 or  

leos to reduce the heat leakage to an acceptable level. The term effective 

emissivity, E eff, is derived from 

0 A) Leak 
€ * f f  - (Q' 4 4 cr(To - Tc 1 

where 
(Q/A) Leak = allowable heat leak either Into, or out of, 

( h:t:t2) equipment compartment 

To - outside surface temperature (OR) 

T - inside or compartment temperature (OR) 
C 

For optimum insulation performance, radiation is the major mode of heat' 

tranefer through the multiple foils. Therefore, the performance criteria affect- 
ing the radiation heat balances equation is more desirable than the norelly w a d  

apparent conductivity parameter in the Fourier equation. The factor should 
be the effective emirrivity rince this pennits the more logical correlation 

and utilization 

t 5 - 1  
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5.1.1 Insulation Attachment 

Considerable data has 

WDL- TR2 3 66 

been published on pure superinsulation perfor- 

mance and these results indicate feasibility in the insulation design. See 

Table 5-1. 
on the problem of thermal shorting due to insultation discontinuities, 

penetrations and edge effects. Therefore, Philco has constructed an insula- 

tion test apparatus and has bogun to evaluate numerous techniques for 

mounting multiple-foil insulation. These teste will establish optimum 

methods of application for generalize problem areas such as joints, corners, 

penetrations, edges and support techniques. 

However, little data or practical experience has been reported 

Promising materials w i l l  be initially screened in the pure insulation 

performance rig and the moet efficient will then undergo further testing. 

These tests will include support and joint evaluations as illustrated in 

Figure 5-1, and attachment configurations as shown in Figure 5-2. The 

results of these teste will be used to develop an insulation heat shield 

which will undergo individual testing. A typical proposed heat shield is 

ehown in Figure 5-3. 

5 -2  
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Fig .  5-2  Poaa ib le  J o i n t  Mehtods 

5 - 5  

WDL DIVISION \ q \ 



0 

c 

a 

WDL-TR2 366 

\ \ 
HOT TEMP. 
I N SU LATION 

we- 

/ 

P - 
1 
c- - 

PANEL FOR 

Fig. 5-3 Poeeible  Heat Shield Rig 

5 - 6  
WDL DIVISION , 

( : /  
i 



e 

WDL-TR2 3 6 6 

SECTION 6 

RECOMM ENDATI ON S 

6 . 1  RECOMRENDATIONS 

Although a major  p o r t i o n  of t h e  Mariner-C thermal  d e s i g n  and 

technology i s  d i r e c t l y  a p p l i c a b l e  t o  t h e  Comet Probe d e s i g n ,  p a r t i c u l a r l y  

i n  t h e  a c t i v e  t empera tu re  c o n t r o l  a r e a s ,  t h e r e  a r e  t h r e e  c r i t i c a l  a r e a s  

t h a t  r e q u i r e  a d d i t i o n a l  s t u d y .  One is a s t u d y  of method8 of mounting 

m u l t i p l e - f o i l  i n s u l a t i o n  w i t h  minimum thermal  s h o r t i n g  t h a t  w i l l  w i t h -  

s t a n d  t h e  a c c e l e r a t i o n  and v i b r a t i o n  environment imposed d u r i n g  b o o s t .  

A b r i e f  d e s c r i p t i o n  of  a t e s t  program be ing  conducted by P h i l c o  has  been 

inc luded  i n  t h i s  r e p o r t .  However, much more i n c l u s i v e  i n v e s t i g a t i o n ,  

one t h a t  combines a n a l y s i s  w i t h  expe r imen ta l  d a t a ,  is r e q u i r e d .  

Another s t u d y ,  a s  i n d i c a t e d  in t h e  c o a t i n g s  p o r t i o n  of t h i s  r e p o r t  

i s  t h e  t e s t i n g  of  c e r t a i n  c o a t i n g s  f o r  t h e  t o t a l  amount of e q u i v a l e n t  

sun  hour s  ( E . S . H . 1  t h a t  w i l l  occu r  i n  a Comet Probe m i s s i o n .  Most c o a t i n g s  

have undergone exposures  of t h e  o r d e r  of 600 t o  1000 E . S . H .  w h i l e  t he  

requirement  f o r  a Comet Probe is a f a c t o r  of 4 t o  5 g r e a t e r .  

The f i n a l  recommended s t u d y  i s  an e v a l u a t i o n  of p o s s i b l e  methods 

of o b t a i n i n g  a s t r u c t u r a l  j o i n t  t h a t  would change i t s  thermal  c h a r a c t e r -  

i s t i c s  a f t e r  l aunch .  O f  p a r t i c u l a r  i n t e r e s t  i s  t h e  use  of i s o t o p e -  

impregnated m a t e r i a l s  which can change t h e i r  p r o p e r t i e s  a t  some p re -  

determined p o i n t  i n  t h e  t r a j e c t o r y .  
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APPEmIX A 
REAT MIulQ - IsQTO?IC SU?PLY 

A . l  SYSTR-l SCHgMATIC 

A. 2 ASSUMPTIONS 

To s impl i fy  t h e  c a l c u l a t i o n ,  t h e  following assumptions a r e  made: 

a. Conduction through t h e  support  s t r u c t u r e  is neglected.  

b. A uniform su r face  temperature 1s assumed. 

c. Heat t r a n s f e r  from t h e  face  away from t h e  sun (i.e., t h e  face  
t h a t  "sees" any o t h e r  pa r t  o f  i t s e l f  o r  t he  veh ic l e ,  

0 
d. The e n t i r e  ou te r  sur face  1s assumed t o  r a d i a t e  t o  space @ 0 R, 

and t h i s  su r f ace  ( including f i n s )  18 a s r u m d  not  t o  %ea" any 
o the r  par t  of i t s e l f  or t h e  v e h i c l e ,  

e. The su r face  a b s o r p t i v i t y  i s  asrumed = 1. 

A- 1 

WDL DIVISION 



A.3 ANALYSIS 

A simple heat balance yields:  

where 
= isotope heat generation Qgen 

qs 

AS 

9 

T 

U 

Ta, 

% 
€ 

@s 

S ince the 

= incident so l a r  heat f lux 

= area  exposed t o  ro la r  heat f lux  

= heat loss from surface 

= surface temperature 

= 0.1714 x low8 Btu/hr,ft 2 oR4 

= 0 OR 

= e  
= surface emiss iv i ty  

= surface abso rp t iv i ty  (assume 1.0) 

s ize  of system has been es tab l i shed ,  eq. (1) w i l l  be rolved for 

T a s  function of E and q,, where qs f (A.U.) .  

A.4 CALCULATION 

As A d d  144 0.545 P t 2  

p(10)(101 + ( 4.35) ( 10) (82 = 5.145 Ft 2 
144 144 At = 0,545 + 

Qgen = (3000)(3,413) = 10250 Btu/hr. 

Incorporating t h e m  values i n ,  (1) : 
4 

10250 + 0.545 q, = (0.1714)(5.145) L*) a 

,/ T 10250 t 0 . 5 U  q -) = (2) , 100 0.88 Q - 
Eq, (2) w i l l  be solved for  T. 

A- 2 
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2 1 A.U, 
A t  1 A . U . ,  q, = 442 Btu/hr.Ft and 

T )4 10250 + (0.545)(4421 1049 1 
\ 100 0.88 C 0.88 € 

0 . 2  

0 .4  

0 .6  

0 .8  

1 .o 

1104 

a5 4 

7 28 

645 
5 85 

2 - 2 A.U.  
A t  2 A . U . ,  Q, = 110 Btu/hr.Ft and 

10310 
E -  

f T  10250 + (0.545)(1101 
0.88 6 0 . 8 8 C  '- -) 100 = 

0.2 

0.4 
0.6 
0.8 

1.0 

1095 
848 

722 

6 40 
582 

UDLTR2366 

These r e s u l t s  are plotted i n  Figure 8.10. 
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E f f e c t  of Interchange Fac to r  

The previous c a l c u l a t i o n s  a s s u m f -  1, i.e., - F i n  t h e  express ion  

where A2 = Q). 

i n  f a c t  be some what l e s s  than u n i t y ) ,  we w i l l  assume F12 

and r epea t  the  c a l c u l a t i o n  for  1 A.U. 

0.7 and 1.0, but  t he  i n t e n t  here  i s  t o  bound t h e  problem). 

To proper ly  bound t h i s  c a l c u l a t i o n  ( s ince  F12 w i l l ,  

0.7 

(F w i l l  probably be between 12 

1 = 1 = 1 
- / 1  0 . 4 3  + 1 + 0.43C 
0.7 + ' 1  r - 1 )  E 

Eq. (2) now becomes ( fo r  1 A.U.): 

10491 f 1 + f 1 + 0.L~3 0.43 3( 11920 
4 

. -' 100 = 0.88 . 1 '. c 
/ T  

0.2 

0.4 

0.6 

0.8 

1 .o 

907 
?9 4 
730 

683 

The e f f e c t  of  t h e  interchange f ac to r  i s  i l l u s t r a t e d  i n  F igure  8-10 and l e  

r e l a t i v e l y  i n s i g n i f i c a n t  wi th  regard t o  the rmo-e lec t r i  c h a r a c t e r i s t i c 8  o f  

the  isotope.  
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APPENDIX B 
BEAT BALANCE - DC/DC CONVERTER WDLTRZ366 

B.l SYSTEM SCHEMATIC 

B. 2 ASSUMPTIONS 

To s i m p l i f y  t h e  c a l c u l a t i o n ,  t h e  following assumptions a re  made: 

a. The s impl i f ied  geornetry of F igure  2 is assumed t o  apply.  

b. Conduction through the  support s t r u c t u r e  i s  neglected.  

c. Uniform su r face  temperatures are assumcd throughout. 

d .  The remainder of the  vehicle  is assumed t o  be a f l a t  p l a t e  a t  
700F,  and not "seen by the sides of  t he  conver te r .  

0 e. The a ides  are assumed t o  "see" only  space a t  0 R; and the  end 
fac ing  the i so tope  only the  power supply. 

f .  Re f l ec t ions  and r e - r a d i a t i o n  a r e  neglected.  

g. A l l  su r f ace  e m i s s i v i t i e s  a r e  assumed the  same. 

B- 1 
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WDL TR2 366 
B .  3 ANALYSIS a 4, 

'12 + '34 i- '50 

for steady s t a t e .  Then, 

From the geometry and our assumptions: 0 - 2 )  

A1- A3 = A 

T2  - T3 = T5 - T 

To = 0 OR 

B- 2 
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WDL- T U  366 B.4 SHAPE FACTORS 

The factors  a50.g12, and&34 are evaluated below based on eq. ( 4 )  

For a surface radiating d irec t ly  and only t o  space, 

Treat a s  two d i s c s .  Assume no e f f e c t  from space (e i ther  l o s s e s  t o  or 

radiation from t h e  surroundings. 

For the above conf igurat ion: 

*12" 0.5 

B-3 

03-71 
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Treat as  two discs .  One much larger than the other. (The larger d i r c  

i s  an approximation of the e f f e c t  of the heat shleld and the antcnnrr). 

0 For the given configuration: 

1 

1 A4 . e4 

E I 
1,256 + (1 - e )  

I 4r 
4 + r  

B- 4 
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B.5 CALCULATION 
WDL-TR2366 

Combining (B-6), (B-71, and (B-8) with 0 - 5 ) :  

4 0.0936 [ 12600(</2) + 790 ( j  / 4  e ''q + Q fL-  I I . \loo,, 0.0936 + 4sy + 0.1495a 
\ 2  4+&,' 

5 9 0 ~  + 296 fL> + Q 
t \4 + . 

0.1963~ + 0.374 03-91 .4 + & 1' 

(B-9) can be solved for various vales  of c; and Q .  

g = 0.2 

I 132.1 + Q 
0.0571 

Q 
(Watts) (Btu/Hr. 

0 

5 
10 
15 
20 
25 
30 

0 

17.1 
34.1 
51.2 
68.2 

85.3 
102.5 

B- 5 

(E-10) 

694 23 4 
7 15 25 5 
7 34 2 74 
75 3 29 3 
769 309 

786 326 
80 1 341 
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3 = 0 . 9  

+ Q  (590)(0 .9)  t (296) ,= 0.9  \, 4 {L-' = . I' \loo,' 0 . 9  '\, 

'\, 4 . 9  1' (0 .1963)(0 .9)  + (0.374) 

(Watts 

0 

5 
10 

15 

20 

25 
30 

ip 585 .4  + Q 
0 .2458 

Q 
(B tu/& . ) 

0 

17.1 

34.1 

51 .2  

68.2 

85.3 

102 . 5 

699 

704 
708.5 

713 

718 

7 23 

727 

(B-11) 

239 

244 

248.5 

25 3 

258 

263 

267 

E- 6 
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0 

B.6 ADDITION OF FINS 

The temperature l e v e l s  computed i n  Sec t ion  B.5 a r e  i n  excess  of t he  allow- 

a b l e  va lue  (150°F, max.) f o r  t he  DC-M: conver te r .  

t h i s  problem, f i n s  could be added t o  the  ou te r  sur face .  Assuming f i n s  

similar t o  those  proposed for the i so tope  power supply,  we o b t a i n  a con- 

f i g u r a t i o n  a s  shown i n  t h e  ad jacen t  sketch.  

t h a t  all s u r f a c e s  r a d i a t e d  d i r e c t l y  t o  space).  

One way t o  a l l e v i a t e  

Assuming t h a t G s 0  - e (i.e.,  

Thus, i n  eq. (5) only A5 

w i l l  be modif ic  ' wi th  approximations made &hove. F-r t h i s  case ,  A becomes: _- - _- 5 

(TY f i )  I I 

A5 = 0.373 + (4*14i(4) 35 (a) 1.840 F t 2  

(B-9) becoms  : 

/ T ' .  I 132.1 + Q , -  
\, 100) 0.0901 

0 
(Watts) 

0 

5 

10 

1s 

20 
25 

30 

(Btu/Hr. 

0 

17.1 

34.1 

51 .2  
68 .2  

85.3 

102.5 

0-7 

T 

6 19 15 9 
638 178 

655 195 
672 212 

687 227 
70 1 241 

7 14 25 4 

(B-12)  

(B-13) 
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= 0.9 

585.1 + Q 4 {L\, 
\,lOOj (0.3618)(0.9) + (0.374) ( F3 

585.1 + Q 
0.3938 

=m 

Q 

(Watts ) (Btu/Hr . ) 
0 0 

5 17.1 

10 34.1 
15 51.2 
20 68.2 
25 85.3 
30 102.5 

B-8 

(B-14) 

T 

621 161 

6 27 167 
6 30 170 
634 174 

63 8 178 
643 183 
646 186 

4 
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